OBJECTIVE: To determine whether dietary intake and physical activity contribute to obesity in women with polycystic ovary syndrome (PCOS). DESIGN: Case-control study. SUBJECTS: A total of 84 cases and 79 neighborhood controls of similar age. MEASUREMENTS: Fasting insulin, body mass index (BMI, kg/m 2 ), waist/hip ratio, Block Food Frequency Questionnaire, Paffenbarger Physical Activity Questionnaire. RESULTS: Although women with PCOS had a higher BMI than control women, an overall comparison of women with and without PCOS showed no significant difference in dietary intake. However, stratification by BMI revealed that lean women with PCOS reported significantly lower energy intake than lean women without PCOS. CONCLUSION: Differences in dietary intake and physical activity alone are not sufficient to explain differences in weight between women with and without PCOS. Further research is necessary to determine the relative contributions of lifestyle factors and metabolism to obesity in PCOS.
Introduction
Polycystic ovary syndrome (PCOS), characterized by chronic anovulation and hyperandrogenism in the absence of underlying adrenal or pituitary disease, is one of the most common reproductive endocrine disorders. It affects approximately 5% of women of child-bearing age, 1 and is the most common cause of anovulatory infertility. 2, 3 Women with PCOS demonstrate an adverse cardiovascular risk profile and may be at increased risk of coronary heart disease, type II diabetes, hypertension, dyslipidemia, and certain cancers. 4 Approximately 50-60% of women with the syndrome are overweight or obese 5 compared to 30% of women in the general population. 6 While the etiology of PCOS is not fully understood, insulin resistance and compensatory hyperinsulinemia appear to be key features in the majority of cases. 7 As many as 80% of women with PCOS are insulin resistant, and hyperinsulinemia is common in both normal-weight and overweight women affected with this disorder. 5 Nestler et al 8 hypothe-
sized that obesity plays a central role in the pathogenesis of PCOS by generating an insulin-resistant state. The hypothesis that obesity may contribute to the development of PCOS is supported by the observation that many PCOS patients report weight gain immediately prior to the onset of other symptoms of the syndrome. 9 Although insulin resistance is common in both overweight and normal-weight PCOS patients, obese women with PCOS are significantly more likely to be insulin-resistant than their lean counterparts. 10, 11 A decrease in fasting and glucose-stimulated insulin levels has been observed upon weight reduction in PCOS patients. In addition, many PCOS patients demonstrate central fat accumulation, 12 which is associated with more severe insulin resistance and hyperinsulinemia than peripheral body fat distribution. 13 Dietary intervention studies have demonstrated that weight loss via restricted energy intake results in improved clinical status in PCOS patients. 14, 15 Weight loss in hyperandrogenic obese anovulatory women has been shown to result in a normalization of insulin sensitivity, 16, 17 androgen levels, 15, [18] [19] [20] and SHBG level. 20, 21 Long-term dietary interventions have also shown that weight loss in obese women with PCOS results in normalization of menstrual functioning and fertility. 21, 22 Given the role of obesity in exacerbating the clinical and biochemical symptoms of PCOS, the cause of obesity in women with the disorder is a primary question. Some researchers have suggested that women with PCOS have a tendency to overeat, either for emotional reasons (eg depression, a desire for 'comfort foods') 5 24 found no difference in resting metabolic rate or postprandial thermogenesis between obese women with and without PCOS; however, these authors did not evaluate insulin resistance in this specific population. While previous authors have speculated about the contribution of dietary intake to obesity in PCOS, no study to date has assessed routine dietary intake and physical activity among women with PCOS. In the present study, we sought to determine whether women with PCOS have significantly different intake and activity patterns than women without the syndrome, and whether these factors are associated with obesity in PCOS.
Methods
The current investigation was part of an ongoing study of coronary heart disease risk in women with PCOS, the Women's Cardiovascular Health and Risk Measurement (CHARM) Study. 12 All study methods were approved by the University of Pittsburgh Institutional Review Board. PCOS cases were recruited from patients seen at the Division of Reproductive Endocrinology, Magee-Womens Hospital, Pittsburgh, PA, USA. Investigators reviewed the charts of 2777 women who had been treated at Magee-Womens Hospital between 1970 and 1992. A diagnosis of PCOS was made for women who had reported chronic anovulation in combination with one or more of the following characteristics: clinical evidence of hyperandrogenism (ie hirsutism), total testosterone level 42 nm/l, or luteinizing hormone/ follicle-stimulating hormone ratio 42.0. Women who met the criteria for PCOS were contacted and invited to participate in the study. Age-(75 y) and race-matched neighborhood controls were recruited from a 1992 voters' registration list for the Pittsburgh area and from a household directory for Greater Pittsburgh and Allegheny County. 12 For the current study, dietary data were obtained from the first 91 PCOS cases and 80 controls to participate in the third phase of the study (CHARM Phase III). CHARM III participants visited the Health Studies Research Clinic at the University of Pittsburgh between 2000 and 2002. At the time of the clinic visit, the women completed an intervieweradministered questionnaire. The questionnaire comprised questions on demographic data, current health status, medication usage, personal medical history, and family medical history of PCOS.
During the clinic visit, participants' heights and weights were measured, and body mass index (BMI) (in kg/m 2 ) was calculated as weight (in kg) divided by height (in m) squared. Two measurements of waist and hip circumference were taken and the average circumferences were calculated. Waistto-hip ratio was calculated as the average waist circumference divided by the average hip circumference.
Dietary information was obtained from a 109-item selfadministered diet history questionnaire, an updated version of an earlier questionnaire. 26 Questionnaires were mailed to participants prior to the clinic visit, and participants were asked to return the completed questionnaires at the time of the visit. Some participants were contacted by telephone following their clinic visit and asked to supply missing information. , and nutrient intakes and physical activity were compared within BMI strata. Routine physical activity was qualitatively assessed by using the Paffenbarger Physical Activity Questionnaire. The eight-question survey, which was based on data from the Harvard Alumni Health Study 27 measures leisure-time activities associated with cardiovascular disease. 27, 28 Physical activity questionnaires were either completed by the study participants prior to the clinic visit or administered by interviewers during the visit. All statistical analyses were performed with SPSS for Windows 11.0. Mean nutrient intakes for cases and controls were compared by using Student's t-test or, for nonparametric data, the Mann-Whitney test. w 2 test or Fisher's exact test was used to compare categorical data. General linear models (GLMs) were used to test for interaction between variables.
Results
Demographic and anthropometric data for PCOS cases and controls are shown in Table 1 . Women with PCOS demonWomen with PCOS CE Wright et al strated a significantly higher average BMI and waist-to-hip ratio than controls. No other significant differences in demographic or anthropometric variables were observed. The following measures of dietary intake from the Block Food Frequency Questionnaire were assessed: energy and macronutrient (protein, fat, carbohydrate) intake; average daily intake of six food types (vegetables; fruits and fruit juices; breads and cereals; meat, fish, poultry, beans and eggs; milk, yogurt, and cheese; fats, oils, sweets, and sodas); and the percentage of energy intake derived from fat, protein, carbohydrates, or sweets and desserts. An overall comparison of dietary intake for women with and without PCOS revealed few differences. There were no significant differences in energy or macronutrient intake ( Table 2) . Women with and without PCOS appeared to make similar food choices: no significant differences existed in their average daily intakes of the six food types. The percentage of energy intake derived from fat, protein, carbohydrates, or sweets and desserts also did not differ significantly between the two groups (all P40.05).
The overall comparison of self-reported physical activity levels also demonstrated few differences between women with and without PCOS. The two groups reported spending similar amounts of time on various types of activity (vigorous, moderate, light, sitting, and sleeping/reclining) on a typical weekday and a typical weekend day (Table 3) . Women without PCOS did report spending more time on moderate-to-vigorous activity, whereas women with PCOS spend more time sitting still. Although these differences lack statistical significance, they may contribute to the greater BMI in women with PCOS.
Whereas the overall comparison showed no significant differences in dietary intake, stratification by BMI revealed significant differences. Energy intake of normal-weight women with PCOS was significantly lower than that of normal-weight women without PCOS (Po0.001) ( Table 4) . Conversely, the energy intake of obese women with PCOS was greater than that of obese women without the syndrome, although the difference was not statistically significant (P ¼ 0.204). 
Women with PCOS CE Wright et al
Macronutrient intake also differed significantly between normal-weight women with and without PCOS. Lean women with PCOS consumed significantly less protein, carbohydrates, cholesterol, and monounsaturated and polyunsaturated fat than lean women without PCOS (Po0.05 for all categories). Conversely, macronutrient intakes were Women with PCOS CE Wright et al higher among obese women with PCOS than obese controls, although, again, the differences are not statistically significant.
Normal-weight women with PCOS consumed significantly less bread, cereals, rice, and pasta (3.38 vs 4.50 servings per day, P ¼ 0.006) and less meat, fish, poultry, and eggs (1.18 vs 1.68 servings per day, P ¼ 0.025) than normal-weight women without PCOS. Additionally, overweight women with PCOS reported significantly lower intake of milk and milk products than overweight women without PCOS (1.22 vs 2.02 servings per day, P ¼ 0.030), and obese women with PCOS reported significantly higher intake of meat, fish, poultry, and eggs than obese women without PCOS (2.21 vs 1.68 servings per day, P ¼ 0.022). Otherwise, intake of food groups and dietary sources of energy were similar within BMI strata. No significant differences in weekday/weekend physical activity were detected for cases and controls within BMI strata (P40.05 for time spent on vigorous, moderate, light, sitting, and sleeping/reclining activity for all strata).
GLMs were used to test for an interaction between casecontrol status and BMI, with log-transformed energy intake used as the outcome variable. Whereas neither PCOS case status nor BMI alone was found to be a significant predictor of energy intake (P ¼ 0.191 and 0.068, respectively), the interaction between the two factors was found to have a significant predictive value (P ¼ 0.043). The results of the analysis, which are shown graphically in Figure 1 , confirm that the relationship between energy intake and BMI is modified by the presence of PCOS.
The relationship between fasting insulin levels, energy intake, and BMI in women with PCOS was assessed by two linear regression analyses. First, energy intake was treated as the outcome variable. It was found that, after adjustment for BMI, insulin is not a significant predictor of energy intake in women with PCOS (P ¼ 0.180, b ¼ 2.829 Â 10
À3

70.002).
However, when BMI was treated as the outcome variable, fasting insulin was a significant predictor, even after accounting for the effect of energy intake (Po0.001, b ¼ 0.48770.095).
Discussion
The prevalence of obesity in women with PCOS has been described previously, but never fully explained. The cause of obesity in women with PCOS is a matter of concern: obesity contributes to insulin resistance, hyperandrogenism, and reproductive disorders and potentially increases the risk of diabetes, cardiovascular disease, and other chronic conditions in women with the syndrome.
Previous research on obesity in PCOS has focused on the role of metabolism. The metabolic studies of Robinson et al 23 and Segal and Dunaif 24 did not evaluate the contribution of lifestyle factors to obesity in PCOS. An understanding of the role of diet and physical activity is essential for appropriate clinical management of obesity in PCOS.
Previous researchers have speculated that women with PCOS are obese due to a tendency toward overeating, particularly sweet or starchy foods. 16 An overall comparison of dietary intake in women with and without PCOS does not support these speculations. Energy intake, percent of energy intake from carbohydrates, consumption of bread products, and consumption of sweets were similar for cases and controls. However, stratification by BMI revealed considerable differences in dietary intake between PCOS cases and controls. The energy intake of normal-weight women with PCOS was significantly lower than that of normal-weight women without PCOS, whereas the energy intake of obese women with PCOS was higher on average than controls of similar weight, although this difference lacked statistical significance. Similarly, macronutrient intakes were significantly lower for normal-weight women with PCOS than for normal-weight controls. Linear regression analysis confirmed the existence of an interaction between case-control status and BMI in determining energy intake in women with PCOS. These results suggest that normal-weight women with PCOS may tend to restrict significantly their energy intake in order to offset potential weight gain.
Analysis of individual food groups and sources of energy showed few significant differences within BMI strata. It appears that normal-weight women with PCOS generally make similar food choices as normal-weight women without the syndromeFexcept for consuming fewer bread and cereal 
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CE Wright et al products and more meat, fish, and poultryFbut eat proportionately less. Similarly, obese women with PCOS do not consume significantly more of any one type of food, except for meat, than obese women without PCOS. There is no general consensus among clinicians with regard to the optimal diet for PCOS patients, although lowfat, high-carbohydrate diets are thought to be inadvisable, as high intake of carbohydrates can exacerbate hyperinsulinemia. 5 Reaven 29 recommends that insulin-resistant individuals consume 45% of energy from carbohydrates, 40% from fats, and 15% from protein. The American Heart Association generally recommends that no more than 30% of energy be derived from fat; however, the 2000 AHA Dietary Guidelines suggested that individuals with insulin resistance may increase intake of unsaturated fats while limiting carbohydrate intake, so long as a healthy weight is maintained. 30 Women participating in the current study reported dietary intakes comparable to those recommended by Reaven, 29 although the study participants derived slightly more energy from carbohydrates and fewer from fat than the recommended levels. Nutrient intakes varied little across BMI strata, indicating that obesity in PCOS is not a function of nutrient distribution of the diet. However, the significantly lower intake of bread and cereal products reported by normal-weight women with PCOS may support the theory that it is necessary for women with PCOS to limit carbohydrate consumption in order to maintain a normal weight.
No significant differences in physical activity levels were observed within BMI strata. Normal-weight, overweight, and obese women with PCOS reported levels of physical activity that were similar to those of women of like weights who did not have PCOS. These current results may support the hypothesis that women with PCOS are metabolically predisposed to obesity, 23 and that normal-weight women with PCOS may severely restrict their dietary intake in order to avoid weight gain. Linear regression analysis demonstrated an association between fasting insulin levels and BMI in women with PCOS after correcting for the effect of energy intake. While it is not possible to infer a causal relationship from this analysis, one possible explanation for the association would be that insulin resistance contributes to obesity in PCOS; that is, hyperinsulinemic women with PCOS are more likely than those with normal insulin levels to be obese, regardless of energy intake. The mechanism of the association between hyperinsulinemia and obesity in PCOS is a topic for future research.
A limitation of the current study is the potential for underreporting of dietary intake in self-administered foodfrequency questionnaires. Although self-administered questionnaires have been found to yield results comparable to those of interviewer-administered diet histories 31 and to diet records, 32 under-reporting of dietary intake is a known drawback of self-administered diet histories. 33, 34 Overweight individuals are more likely to under-report energy intake than normal-weight individuals. 34 In the present study, under-reporting may have been a source of bias in the overall comparison of women with and without PCOS: PCOS patients, who had a higher average BMI, may have under-reported their intake more substantially than women without PCOS. However, the interaction between case-control status and BMI in determining energy intake is unlikely to be due to inaccurate reporting of dietary intake. In order for the observed interaction to be caused by biases in reporting, it would be necessary for lean women with PCOS to under-report their dietary intake and obese women with PCOS to overreport their intake. In view of the fact that overweight and obese individuals tend to under-report intake, such a reporting pattern is unlikely.
It is possible that the women in this study are not representative of all women with PCOS; that is, their food choices may have been influenced by their diagnosis with PCOS or by participation in the CHARM study. However, it is important to note that all of the women with PCOS received their diagnosis and began participating in the CHARM study nearly 10 y prior to the current study. The food frequency questionnaires administered in the current study are thus likely representative of customary dietary patterns, rather than of any recent change. Analysis of data from the first study participants in the current phase of the study may also limit the generalizability of the study results.
Use of the Paffenbarger Physical Activity Questionnaire may be another limitation of the current study. Ainsworth et al 35 compared an earlier version of the Paffenbarger Questionnaire with physical activity records. While the authors found that the questionnaire was generally valid and reliable, they determined that it tended to lead to underestimates of physical activity. In particular, participants completing the questionnaire accurately recalled their leisure activities, but tended to underestimate the energy they expended through walking, climbing stairs, and occupational activity. However, it is unlikely that underestimation of physical activity was a serious source of bias in the present study, because there is no reason to believe that PCOS cases are more or less likely than controls to underestimate their physical activity. In addition, metabolic rate was not analyzed in this study, and therefore it is not possible to make any inferences about the relative contributions of metabolism and intake to obesity in PCOS.
In conclusion, the current results suggest that dietary intake and physical activity alone are not sufficient to explain differences in weight between women with and without PCOS. Women with PCOS may tend to restrict significantly energy intake in order to maintain a normal weight. Future research should analyze both metabolic rate and dietary intake in women with PCOS to determine the relative contributions of metabolism and intake to obesity in PCOS.
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